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The results of the experiments show that the forming switchgrass phytomass productivity that is raw materials for biofuels production depends on the assortment, weather conditions and elements of growing crop technology. The quantitative indicators of vegetative aboveground mass and productivity of dry phytomass crop in terms of varieties studied on different areas of plant nutrition have been determined. Influence of experimented factors on the productivity elements (height of plant and number of stems per unit area) and productivity of dry phytomass switchgrass varieties Cave-in-Rock, Carthage and Foresburg has been established.
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Problem statement. In connection with considerable dependence of Ukraine on the imported energy resources and price increasing of gas and oil products there is the urgent problem of monitoring and research of possibilities of using own resources for obtaining ecological and cheap raw material from renewable energy sources. According to Ya. B. Bloom, G. G. Geletuha, І. P. Grugoryuk and other scientists [1] in our country there is considerable number of energy sources from biomass for biofuels production. They are mainly vegetable remains of agricultural crops, wastes of woodworking industry and energy crops.

The economic and energy indicators of biomass potential differ according to the level of parceling in the different soil and climatic zones of Ukraine, content of dry substances, sugars, lignin and cellulose that substantially influence on the cost of biofuel.

Perennials that would be well acclimatized to the certain conditions and form the high yield of phytomass for their growing on not productive soils will be used as raw material for biofuel. For solving this problem such crops as perennial sorghum, silver grass, switchgrass, willow and others [2, 9] are of real interest. 

From the above-mentioned energy crops switchgrass is one of plants with low cost price of raw material for biofuel and high productivity of above-ground vegetative mass with the long-term cycle of using. For this reason determination of features of forming phytomass productivity is the pressing problem of present time.

Analysis of researches and scientific publications. Switchgrass (Panicum virgatum L.) is a plant that is well acclimatized to growing conditions. This crop forms high yield with corresponding phytomass quality that is used as raw material for biofuel production. 

Nowadays switchgrass is widely studied in Ukraine according to botanical and biological features [4, 7], elements of growing technology [8, 10] and peculiarities of biofuel production from plant phytomass [12].

The researchers conducted by many scientists in the conditions of our country show the high adaptability of alien varieties of switch-grass, forming high and stable productivity of phytomass due to the elements of harvest structure that is formed under influence of abiotic and biotic factors. The very important factor for switchgrass growing, that determines crop productivity in general expression is density of plants on the unit of area that is width spaces between rows.

Foreign scientists investigated the width of spaces between rows on sowing of switch-grass. J. P. Muir, M. A. Sanderson, W. R. Ocumpaugh and other scientists [16] defined that increase of area of nutrition with decreased rates of sowing causes increase of phytomass productivity. The results of these researches coincide with other experiments [15] which show that switchgrass growing with space between rows of 80 cm, comparatively with 20 cm, increases yield and carbon content in obtained plant biomass. 

Analogical results were received by D. I. Bransby with coauthors [13] and he established that the varieties of switchgrass with wide row method of sowing, comparatively with narrow rows, form higher yield. 

According to other foreign authors researches [14] it has been established that intensity of growth of varieties Аlamo and Cave-in-Rock was higher on areas with the rate of sowing of 400 seeds/м2, comparatively with the rate of 200 seeds/м2. Density of plants was higher on variants, where sowing was conducted in May comparatively with April. Weeds had an influence on switchgrass growth only in the first year of growing. In future plants of switchgrass repressed weeds because of the intensive bushing out, on sowing with wide rows there was self-regulation of thickness of grass and as a result thick vegetative mass. 

At the same time the results of experiments in the conditions of central part of Ukraine show [5, 6] that optimal area of nutrition for switch-grass plants of the first year of vegetation is 30 cm, in the second year - 45 cm, especially for the varieties of Foresburg and Cave-in-Rock that had optimal correlation according to height and density of plants on the unit of area. It had substantial influence on phytomass productivity in terms of dry substance.

It is important to study and establish peculiarities of forming above-ground vegetative mass of switchgrass with different plant density because of ambiguity of interpretation of scientists in relation to this problem.

Research objectives: to set the peculiarities of forming productivity elements and yield of above-ground vegetative mass of switch-grass varieties of the third year of vegetation with different width of spaces between rows.

Research tasks:

1. To define the separate productivity elements (height of plants and number of stems on the unit of area) of switch-grass varieties with growing plants with space between rows of 15, 30 and 45 centimeters.

2. To define phytomass productivity of varieties (in terms of dry substance) depending on the width of spaces between rows.

3. To establish parts of influence of the experimented factors on the productivity elements and yield of dry phytomass.

Methods of researches. The experiment that contained research concerning three varieties Cave-in-Rock (КІR), Carthage and Foresburg characterized by stable manifestation of the productivity elements for years was founded during 2011-2013 in the conditions of central part of Forest-steppe of Ukraine (Poltava district). The chart of experiment contained the variants of growing varieties with space between rows of 15 cm, 30 cm and 45 cm on non-productive soils with low indexes of humus and nitrogen content, average indexes of phosphorus content and higher content of potassium.

Methodology of experiment is generally accepted, according to B.А. Dospekhov [3]. Variant placing in the experiments is random; repetition is four times. Area of accounting land is 10 м2.

Agrotechnology of experiments combined field disking and cultivating, sowing and soil rolling, weeding spaces between rows. The account of the productivity indexes (height of plants and number of stems on 1 м2) was done in the period of plant vegetation completion. The productivity was determined by mowing plants, weighing and recalculation by dry weight after determination of percent of moisture. 

Obtained results of researches approved in the experiment were processed by the modern methods of statistics with application of the computer programs of Excel and Statistaca 6.0.

Research results. Last two years characterized by increased temperature and simultaneous rainfall decline that indicates to droughty conditions of crop vegetation during the years of the experiment were distinguished according to average daily temperature during switch-grass vegetation period (May-October).The productivity elements of the experiment (height of plants and number of stems on 1 м2) changed depending on the area of nutrition of the experimented varieties. We obtained the highest plant height of the variety КІR with space between rows of 15 cm in the third year of vegetation, the varieties Carthage and Foresburg had substantially less this index. Plants were lower on the variants with the width of spaces between rows of 30 and 45 centimeters (figure 1.) The number of stems on 1 м2 was the greatest with space between rows of 45 cm of the varieties КІR and Foresburg, accordingly, 445,1 and 450,0 items/ м2, variety Carthage 312,2 items/м2 in the third vegetation year. The switchgrass plants grown on the variants with space between rows of 15 and 30 cm had substantially less density of stems on the unit of area (figure 2).
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Productivity of switchgrass varieties of the third year vegetation was considerably higher than productivity of the second year vegetation depending on the width of spaces between rows and varied in the limits from 6,10 to 11,70 t/ha (figure 3). 

НІР 05 (variety) 1,04; НІР 05 (space between rows) 1,02; НІР 05 (correlations) 1,81
Figure 1. Plant height of switch-grass varieties of the third vegetatio nyear(сm), 2013.

Comment: М 15 – space between rows of 15 сm, М 30 – space between rows of 30 сm, М 45 – space between rows of 45 centimeters.
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Figure 2.Number stems of switchgrass varieties of the third vegetation year (items/м2), 2013.

Comment: М 15 – space between rows of 15 сm, М 30 – space between rows of 30 сm, М 45 – space between rows of 45 centimeters.
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Figure 3. Productivity (plant dry mass) of switchgrass of the third vegetation year (t/ha), 2013.

Comment: М 15 – space between rows of 15 сm, М 30 – space between rows of 30 сm, М 45 – space between rows of 45 centimeters.
Switchgrass varieties of the third vegetation year КІR (11,6 t/ha) and Foresburg (11,7 t/ha) had the greatest productivity, variety Carthage had substantially less productivity (10,9 t/ha) with the width of spaces between rows of 45 cm. When plants were grown on space between rows of 30 cm we obtained substantially less productivity of dry phytomass comparison with wider space between rows of variety КІR at the level of 10,8 t/ha, of the variety Carthage at the level of 9,7 t/ha at the same nutrition area and Foresburg - 10,2 t/ha. Growing plants on narrower spaces between rows resulted in the productivity decrease of all varieties comparatively with other variants of the experiment. 

Part of the experimented factors influence on the productivity elements and productivity of dry above-ground vegetative mass of the third year switch-grass in the terms of the experimented varieties has been established by mathematical processing of data (figure 4-6).

Width of spaces between rows (70,5 %) had the greatest influence on the height of the experimented varieties, variety peculiarities had less but substantial influence (27,6 %), influence of other factors was less than 2 % in the conditions of 2013. 

The number of stems on the unit of area is stipulated by density of plant stems (85,2 %) and by correlation of factors "variety" and "width of spaces between rows" (9,8 %), other factors influence on this index at the level of 5 %. 
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Figure 4. Part of experimented factors influence on height of switchgrass plant,

2013
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Figure 5. Part of experimented factors influence on number of stems, 2013
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Figure 6. Part of experimented factors influence on productivity of dry phytomass of switchgrass, 2013

Comment (Figure 4-6):
	The degree of influence:

	1
	factor A ( variety )

	2
	factor B ( space between rows )

	3
	interaction factors

	4
	the repetition 

	5
	other


Width of spaces between rows (92,7%) is determinative for the level of dry phytomass productivity of switchgrass. Variety peculiarities have substantially less influence (4,4%) and other factors have influence less than 3%

Conclusions: 1.Theheight of plants of the experimented switchgrass varieties lowers with increasing area of plant nutrition, and the number of stems, on the contrary, has tendency to increasing at growing plants with wider space between rows (30 and 45 centimeters).

2. The number of stems on 1 м2, comparatively with space between rows of 15 and 30 cm, was the highs twitch the space between rows of 45 cm of the third vegetation year varieties: Cave-in-Rock and Carthage, accordingly 445,1 and 450,0 units/ м2, variety Foresburg - 312,2 units/м2.

3. According to the level of influence the productivity elements of switchgrass firstly depend on width of spaces between rows and variety peculiarities. 

4.The highest productivity of dry vegetative mass was formed by the varieties of the third vegetation year of Foresburg and Cave-in-Rock, accordingly 11,70 and 11,60 t/ha and with the width of spaces between rows of 45 cm, and variety Carthage - 10,9 t/ha. Substantially less productivity was fixed with growing these varieties with space between rows of 15 and 30 centimeters.

Taking into account that switch-grass is new, perspective phyto-energy crop for the biofuel production, it is necessary to deepen and continue research of influence of growing terms on forming phytomass productivity.
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